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Abstract 
Respirable particulate matter, especially fine particles are doing great harm to human health and the environment nowadays, but 
the removal efficiency of traditional dust removal devices for PM2.5 is quite low. Acoustic agglomeration is a pretreatment 
technology of dust removal which uses sound wave with high intensity to make fine particles get agglomerate and grow up, and 
improves the efficiency of traditional dust removal devices for PM2.5 and thus reduces the concentration of fine particle emissions. 
In this paper, the experimental set-up of acoustic agglomeration is designed and reconstructed. Coal-fired ashes are mixed with 
air to simulate aerosol emissions from coal-fired power plants. A travelling wave acoustic field is generated in a vertical 
agglomeration chamber in which the residence time of the aerosol is around 4s.Preliminary experimental study of the influence of 
acoustic frequency, SPL and the initial concentration of aerosol on the acoustic agglomeration is conducted. It is found that the 
efficiency of agglomeration is very sensitive to the change of acoustic frequency and there exists an optimal frequency which in 
this paper is 1400Hz. The effect of acoustic agglomeration has a linear relationship with SPL and it is enhanced with the increase 
of SPL. The increase of the initial number concentration of aerosol can also enhance the agglomeration effect, but the rate of the 
increase of the agglomeration effect decreases while the initial concentration is getting bigger. When the acoustic frequency is 
1400Hz, the SPL is 142dB and the initial concentration is 4.04×105cm-3, the number concentration of aerosol can be reduced to 
35% of the initial value. 
© 2014 The Authors. Published by Elsevier Ltd. 
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Academy of Sciences (CAS). 
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1. Introduction 
Particle with an aerodynamic diameter less than or equal to 2.5μm which can penetrate into people’s alveolus is 
called PM2.5 or fine particle. Fine particles can do great harm to both atmosphere and human body. Because of these 
particles, thick haze appears in many cities in China and causes a great concern [1]. What’s more, PM2.5 is so small 
that it can absorb large amount of heavy metal, PAHs and some other toxic substances and get into human alveolus, 
which definitely hurts human body a lot [2]. However, the removal efficiency for PM2.5 of traditional dust removal 
devices such as Electrostatic precipitators is quite low, so it’s quite important to study the pretreatment technology of 
dust removal [3]. 
The pretreatment technology of fine particle is a method that uses additional conditions such as electric field, 
acoustic field, chemical technique, spray, magnetic field and so on to pretreat fine particles to make them 
agglomerate and grow up into bigger particles, and sequentially enhance the removal efficiency for fine particles of 
the follow-up dust removal devices. Acoustic agglomeration is to use sound waves with high intensity and a certain 
frequency to make fine particles in the flue gas to agglomerate and grow up into bigger ones. 
There is lots of theoretical and experimental work on acoustic agglomeration [4,5,6,7], but the conclusions are not 
totally consistent since the mechanisms are very complex and the conditions of these experiments are quite different. 
Orthokinetic interaction, which is widely recognized as the primary acoustic mechanism, is based on the entrainment 
of particles with different sizes caused by the intensive acoustic wave in poly-disperse aerosol [8]. However, in 
mono-disperse aerosol, there was almost no orthokinetic interaction of these similar-size particles due to the absence 
of relative oscillatory motion and the Hydrodynamic interactions results from the interaction of particles becomes 
more important [9].  
The efficiency of acoustic agglomeration is affected by many factors such as frequency, sound pressure level 
(SPL), the aerosol initial number concentration and so on. To find an optimized operating condition has been a 
primary work of these experiments. Volk used acoustic wave to work on carbon black aerosol and found that the 
optimized condition is 3kHz and 120dB [10]. Twiary utilized coal-fired boiler flue gas as the aerosol and found that 
2kHz works best [11]. Gallego made an agglomeration chamber with four high-power acoustic transducers and 
compared the effect on flue gas generated by a coal-fired fluidized bed between 10kHz and 20kHz, which proved 
that 20 kHz sound source is better than 10kHz for agglomeration [12]. Yao gang used a standing acoustic wave with 
a SPL during 140dB~160dB to deal with coal-fired flue gas aerosol and forecast that there is a optimized frequency 
which is about 9kHz [13]. Wang jie utilized high-frequency (10kHz and 20kHz) acoustic wave and low-frequency 
(0.5~3kHz) acoustic wave to work on coal fired flue gas and found that low-frequency acoustic wave did better than 
the high one [9]. Overall the investigated operating conditions varied and there was no common view on the 
optimized conditions.  
In this article, we dealt with coal-fired fly ash by using high-power travelling acoustic wave with different 
frequencies, SPLs and aerosol initial concentrations respectively to investigate the optimized operating condition for 
acoustic agglomeration, and experimental particle size distributions (PSDs) were made. 
2. Experimental method 
2.1. Experimental setup 
The acoustic agglomeration set-up (Fig. 1) consists of feeding system, acoustic source system, agglomeration 
chamber and aerosol sampling-measurement system. In feeding system, fly ash collected from ESP in coal-fired 
power plant is used, and it’s size distribution is measured by Malvern laser particle size analyzer and shown in Fig. 2. 
The agglomeration chamber is made up of vertical stainless steel tube with an inside diameter of 100mm and a 
length of 1500mm. The acoustic source, which is made up of a horn and a YF-513 compressor driver, is put on the 
top of the agglomeration chamber. An SFG-1013signal generator and a QSC RMX2450 power amplifier are 
connected with the compressor driver to generate sound wave with a frequency between 180~5500Hz, and the SPL 
in the middle of the agglomeration chamber can reach to 150dB. A sound-absorbing sponge is placed on the bottom 
of the chamber to make sure that a travelling acoustic wave is formed. The aerosol gets through the chamber for 
about 4 seconds to get radiated from the acoustic wave and is sampled in the back-end ductwork. 
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Fig. 1. Experimental setup for acoustic agglomeration 
 
 
Fig. 2. Particle size distribution of the fly ash measured by Malvern laser particle size analyzer 
 
2.2. Measurement instruments 
AWA5661-1C sound level meter (Hangzhou Aihua Instrument Co., Ltd., China) is used to measure the sound 
level in the agglomeration chamber. It’s measurement range is 0.01~20kHz for frequency and 60~160dB for SPL. 
Electrical Low Pressure Impactor (ELPI; Dekati type, Finland) is installed at the outlet of the chamber to measure 
the aerosol real-time PSDs, and it has 12 channels to measure the particle size distribution in a range of 0.03~10μm. 
2.3. Sampling meathod  
Isokinetic sampling method is used to make sure that the velocity inside the sampling nozzle is equal to the 
velocity at the sampling point. Before entering the ELPI, coarse particles in the sampled aerosols are removed by a 
cyclone at a cut-diameter of 10μm and the left are diluted by a two-stage diluter at the ratio of 1/64.  
The inside diameter of the sampling nozzle dst can be calculated by Eq. (1). 
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Where the Qst means sampling flow and its value is 6L/min, vst is the velocity at the sampling point, and it’s 
measured by  Kanomax 6036 hot wire anemometer. In this article, a sampling nozzle with an inside diameter of 
20mm can meet the requirements. 
3. Results and discussion 
3.1. Influence of acoustic frequency 
To study the influence of acoustic frequency on the efficiency of acoustic agglomeration, the signal generator in 
the acoustic source system is controlled to adjust acoustic frequency in the agglomeration chamber between 1kHz 
~2.4kHz continuously, and the SPL is controlled by the power amplifier. 
The condition of the experiment about the influence of acoustic frequency is listed in Table 1. Resistance time in 
Table 1 means the time it costs the aerosols to get through the agglomeration chamber, which is decided by the size 
of the chamber and the flow of the aerosols. Fig. 3 shows the results of this experiment. 
Table 1. The conditions of the experiment about the influence of acoustic frequency 
Initial number concentration (1/ cm-3) Resistance time (s) SPL (dB) 
4.04×105 4.4 133,136,138,140,142,144 
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 Fig. 3. The results of the experiment about the influence of acoustic frequency 
a. SPL=133dB, b. SPL=136dB, c. SPL=138dB, d. SPL=140dB, e. SPL=142dB, f. SPL=144dB. 
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Fig. 4. The influence of frequency on the aerosol concentration ratio 
 
By comparing the results in Fig. 3 we can see that the influence of acoustic frequency on the efficiency of 
acoustic agglomeration is not a simple linear relation, and there exists an optimized frequency which can lead to a 
best acoustic agglomeration. From a, b, c, d, e in Fig. 3, we can tell that when the SPL is 136dB, 138dB, 140dB and 
142dB, there is a most concentration decrease at the frequency of 1400Hz. When keeping the SPL at 144dB in f, the 
optimized frequency turns to be 1800Hz. 
According to these results, the ratio of the aerosol concentration measured after the acoustic agglomeration and 
the initial concentration is calculated and showed in Fig. 4. It indicates that the efficiency of acoustic agglomeration 
of coal-fired fly ash is quite sensitive to the change of acoustic frequency. When keeping operating conditions such 
as SPL, aerosol initial concentration and resistance time constant, there exists an optimized frequency which can 
result in an optimal acoustic agglomeration efficiency. On the contrary, if the frequency deviates from the optimized 
value, the effect of the agglomeration will decrease. According to Orthokinetic interaction, when the acoustic 
frequency is low, all the particles vibrate with the gas medium with the same amplitude, and obviously the relative 
motion between particles will fade out. While the acoustic frequency is too high, all the particles in the sound field 
keep relative rest, and no relative motion exists. Hence, the influence of acoustic frequency on agglomeration is 
nonlinear [2]. 
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3.2. Influence of SPL 
The input power can be changed by adjusting the power amplifier in the acoustic source system so as to change 
SPL. In this experiment we keep aerosol initial concentration and resistance time constant to study the relationship 
between the effect of acoustic agglomeration and SPL at different acoustic frequency. The experiment conditions are 
shown in Table. 2. The sound pressure level changes within the range of 133 dB and 144 dB. 
Table 2. The conditions of the experiment about the influence of SPL 
Initial  number concentration (1/ 
cm-3) 
Resistance time (s) Acoustic frequency (Hz) 
4.04×105 4.4 1000, 1200, 1400, 1800, 2000, 2400 
 
Fig.5 shows the influence of SPL on acoustic agglomeration. It’s clearly that when acoustic frequency, aerosol 
initial concentration and resistance time keep constant, the higher the SPL is, the more the aerosol concentration 
decreases, and the better the efficiency of acoustic agglomeration is. That’s because with the increase of SPL, the 
relative motion between particles is intensified, which enhances the collision between particles. 
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Fig. 5. The results of the experiment about the influence of SPL 
a. f=1000Hz, b. f=1200Hz, c. f=1400Hz, d. f=1600Hz, e. f=1800Hz, f. f=2000Hz, g. f=2400Hz. 
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Fig. 6. The influence of SPL on the aerosol concentration ratio 
 
Fig. 6 shows the ratio of the aerosol concentration measured after the acoustic agglomeration and the initial 
concentration when SPL changes within the range of 133 dB and 144 dB. We can see that the relation between SPL 
and concentration ratio is mainly linear. The efficiency of acoustic agglomeration gets higher with the increase of 
SPL. However, higher SPL means more energy consumption, and the SPL of sound source used in industry is 
generally less than 150dB. 
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3.3. Influence of aerosol initial concentration 
The initial aerosol concentration is controlled by changing the feed rate. If acoustic frequency, SPL and other 
experimental conditions keep constant, we can see how the initial aerosol concentration affects the acoustic 
agglomeration. The condition of this experiment is shown in Table. 3. 
Table 3. The conditions of the experiment about the influence of initial aerosol concentration 
Acoustic frequency (Hz) SPL (dB) Resistance time (s) 
1400 140 4.4s 
 
Fig. 7 shows the result of the relation between initial aerosol concentration and the acoustic agglomeration.  It’s 
obviously that the effect of acoustic agglomeration gets better with the increase of initial aerosol concentration. 
That’s because when the aerosol concentration gets higher, the average distance between particles becomes smaller 
and the probability of collision between particles increases. 
Fig. 8 shows the ratio of the aerosol concentration measured after the acoustic agglomeration and the initial 
concentration when initial aerosol concentrations changes. After the sound wave works, the concentration of the 
aerosol decreases to 89.7%, 43.2%, 34.8% and 29.3% of the initial value respectively when the initial concentration 
is 1.33×105cm-3, 2.40×105cm-3, 2.77×105cm-3, 3.55×105cm-3. But the higher the initial aerosol concentration is, the 
smaller the  increase rate of the acoustic agglomeration efficiency is. 
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Fig. 7. The results of the experiment about the influence of initial aerosol number concentration 
a. 1.33×105cm-3, b. 2.40×105cm-3, c. 2.77×105cm-3, d. 3.55×105cm-3. 
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Fig. 8. The influence of initial aerosol number concentration on the aerosol concentration ratio 
 
4. Conclusions 
This article briefly introduced the experimental setup, and preliminarily studied the influence of acoustic 
frequency, SPL and aerosol initial concentration on acoustic agglomeration. It is indicated that the efficiency of 
acoustic agglomeration of coal-fired fly ash is quite sensitive with the change of acoustic frequency, and when 
keeping the other operating conditions constant, there exists a optimized frequency, which in this article is about 
1.4kHz. The relation between the efficiency of acoustic agglomeration and SPL is almost linear. The efficiency gets 
better with the increasing of SPL. However, the SPL is limited within 150dB by the huge energy consumption in 
industry. Besides, a bigger initial aerosol number concentration can enhance the acoustic agglomeration of particles, 
but the enhanced extent reduces with the growth of initial aerosol number concentration. 
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